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VIBRATIONS OF AVIATION EJGI NE S.* 
By 
C. Martinot La Barde. 
1. Sin plo sys t em of a mass and a spring. - If we c ons i der 
a sinple systen , con sis ti ng of a mass M re st in g on spri n g s 
(Fi g . si). and if a force F acts on the syst om , it movos a c e r-
tain distanc o dz . If the forco ceases suddenly , the syst e~ re-
SlliJOS i t s posit ion of equilibrium by a s e rio s of o s cill~tion s on 
either side of this position . Tho pe ri od of t hose os cill a ti ons 
is tho particular period beloIle;ine; t o the s ystOlJ . In) t us a s s une 
t hat tho rocoil forco of t he spri n G is prop orti onal to it s dis-
tortion and t ha t t he re s ist i nG force of fricti on, which daops 
th o oscillations, i s proportional to t he ir vel ocit y . If ~ is 
the value of tho ordinato of th e c c n t er of 8 r a vity of the mass 
M = P (p, woi e h t i n kg .; g , acceleration due to gravity) at a 
g 
g iven i nstant , it s velocity is dz - , it s a cc ele r at i on is d
2 z 
d t 2 d t 
and th a corro spo nd in s forco of i ne rtin. i s _ p X d
2 z . 
po d. t 2 
This for ce, 
n cc or d i n ;:; to t ho clnssic t _. e o ro Ds of ~'o c 1.[: ._ i c s , ·is aqua. l t o t ho 
suo of t ho i op r oss od f orco s , n aoo l y , t ho r o c o il f orce c z and 
t he frictio n 2b ~ (i n nC Gl octi n,:; t he l>loi r.:ht ). d t - - The g e no r n. l oqua-
ti on of tho not i on is [lcco r din Gly 
( I ) M d 2 Z + 2 a ~ + CZ = 0 
d t 2 d t 
wh ic h is of t on put , i n o r ~e r t o sin lify t ho c n lcula ti ons , i n th o 
f oll owi::! €; forD 
*FroD "L os Nouveaux Mo teurs c1 'A v i;"ti on , II 
Lovr nult, Pn ris) , Chap . V, pp . 277 - 293 . 
( p u b lis he d by TIc r g or-
1921 . 
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dZ z dz 
+ 2h + k 2 z = 0 dt 2 - cIt ' 
by making 
h = 
b 
and k 
H 
The g e ne r a l solution of this equ.C', ti on takes tho f o r rl 
s b ein g the root of t he equation of t he sec ond de gree: 
whence : 
s = - h + j h 2 _ !co2 
If h 2 - k 2 > 0 , z keeps on dec re as in g . 
i s a sinusoidal fun ction 
-ht I. Z~ = Ae cos ("; (k 2 - h 2 )t + cp) , 
\'Ihich c ones fron 
- h t 
st Z = e 
In t he second. c aso . t he eXl .. oncJlt i i. ~ l teriOl L1 e li ke wise 
dec r eases . The anp litude of t he osc il lations thus decreases ra p-
i d ly with t nnel the p ri nc ipa l pe rio cl of these danped osc ill a -
tion s (Fi g . 63 ) is equnl to 
2 TT 
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The coefficients hand k Z characteri2e tho suspension 
And c an be de teroined experimentally , whic h oakes it possible to 
find the period of this sinple systec . 
2. En g i ne placed on an elastic support. - In reality, i n t ~e 
case of an nitplane , the nass M is repl a cod by an engine i n op-
eration and the spring is r eplace d by B frace and a fuselage 
core or loss clastic . Th~ nonentary force cop-si ~e red Db ove is 
re placed by per io d ic inpulses transsitted by t~e eng i ne an~ due 
to variations i n the en g ine couple and to the forces of i:!1ertia 
proportional to the square of the angular velocity . Tl:e s e i n -
pul ses cay be represent ed by t he expression 
A ~ was in (wt + o,l) + Aa s i n (lOt + o,z) 
by neglecting t he t e rns o f the succeedin ~ orders in 2 wt , etc . 
These pe rio d ic i opul ses g i ve place to what a re called sustained 
vibrations (Fi g . 63 ). I f VI e Gos sun e w to DC con s tant and adopt 
a suitable origin for the arcs , this expre ssion nay be put under 
the gene ral f o rn Fw 2 sin w t . 
By likenin g the en g i ne frane to a sinBle spring and assuning 
w to be constant , tho gene ral equation for the not io n of the on -
g ine in t he ve rt ical plane becoDes : 
( 3 ) wt, i n which E = uil]' 
I n order to have the r esultant notion , wc nust consider the 
mo tio ns alonG the other two axes of the co ordinates , the l at~ral 
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and long i tudinal axes of the engine, which yield analogous cqua-
tions. 
The general solution of the precedin g equation is the SUD 
of an integral of the equation , without the second n enber , and a 
particular solution of the cooplete equation . Since t he inte -
gral of th e equation , without the second nenbo r , tends rap idly 
toward 0 when t increases, as we have already seen , we will 
consider only the pa rticular solution of the cocple te equation. 
This solut ion is a periodic function of t he form 
z = E s i n wt + C cos wt, the co ef fici ents E an d C b e in g de-
terc ined by substituting this value for z in equat ion 3 , a nd 
by treatin g as identical the coefficient of e ach t e rm in both 
mem b ers . 
in which 
We t h us fiud t hat z may be put un d or the form 
E = A P 
cos a 
tang a ::: 
E 
Z ::: E sin ( w t - a ), 
p 
J3 P 
sin a 
2h OJ 
k 2 
-
LU 2 
= 
(k 2 
-
A :: 
E(k 2 
( le 2 
-
W2 )2 
2h W E 
W 2 )2 + 411 2 (1) 2 
-
w.:l! ) 
+ 4h2 w2 
When h is negligible, the denominator of A beco me s 0 
and ",hen 2 2 UJ ::: k , the Bcplitude of th e v i b r at ions tends to in-
creas e i nd efinitely , giv in G us a synchronism. I n p r ~c tic e , t ho 
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frictio n i s app r e cia bl e a"lcl t he anp l it u de rena i ns fi n ite . Uever -
t he l ess , s i nce h is snaIl, t he anp litude i s pe~cept i b le , whcn 
, 2 
iC , wh ic h r ender s t ans ~ i n fi n it e , n a. =-. 
2 
Fo r t h i s cd.t -
i cal ve l oci ty , the ~ax inun of z is d i sp l ncoi 9 0° wi t h r efo r e n ce 
t o t he eng i ne c ou p l e . 
In r oa lity , s in ce the ve l oci ty UJ i s no t st ri ctly c ons t ant 
a n d s i nc e t ha va ri a tions o f t he c ou p l e end t l e f or c es of i ne rt i a 
a r e l a r g e , tho g ene r a l so l ution i s a pe ri od ic funct i on deconpos -
abl e i nto clenen t a r y ser i es of s i nuso i da l fo r n , a ~Ditting ca llY 
ha r non i cs , whose po ri o ds a r c f u n cti ons of w and its r.1U l t i plos 
and whoso f i rst t e r n i s given be l ow : 
z = E s i n ( LOt - cr. ). 
p 
The en~ i ~e t ranscits t ~e v i brati ons t o t he suppo rt by neans 
of a sp ri ng , i n r ealit y with the i n t erpo l at io n of a nore or l oss 
e l a sti c j o i nt . The cor r espond i n K fo r ce c an be rep r esen t ed at 
e ach ins t an t by the t ens i on of tho spr i ng , wh i ch i s equa l t o 
c z = k 2 MEs i n ( wt - a. ), tha t is , o n r ep l a ci n g the l e tt e r s by p 
the ir val uos i n te r ns of the c oefficien t of the pr i n i t i ve oqua-
t i on s (1) an d ( 3 ) ( f or r.. u 1 a. g i v en by Mr . L G cor n u ) 
<l> = 
u,;2 F c 
s i n ( wt - a. ) = E. ' s i n ( wt - a. ) 
Su c h i s the var i n.bl e '::1.Dd pe ri od i c f orc o "'lith which t he sp ri nG 
p re sses on t h e en g i ne support . Th i s force ado its the sane p e r -
i od as t he fo r cGs of i ne r tic of the en g ine . 
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Fo r a n en g i ne with K c y li n d e r s , we saw t hat t he fo r ce s 
tr a nsnit t e d a r e pe rio dic funct i ons of Kw t a nd Ie w t wh i ch 2 ' 
no d i f i e s tho vnl ues of w co rr es p ond i n g to t he cri tic a l pe ri ods . 
It is advan tag e ou s t o ro duc e to a ni n i e uo t he a oplit u d e 
E t of t h is fo rce <1> an d , f o r t h i s pu r p os e , t o r e duce t he forc o s 
of i n e r tin F a nd the a..11. gul a r v el ocity w, a nd to i ncr oaso H 
and t h e coeffi c i e nt of d a np i ng . I n an e x treDo t h eor e t i cal c ase , 
M i s ve r y l a r ge , t he c oeff i cien t s b of da~p i~ g a 11.d c of t ho 
r e c o il t en s i on of t h e s p rin g a r e n e g li g i b l e , i n c oopa ri son wi th 
1-1 , a nl t he n ax i o u D va l u e of ~ t en cl s t 0 lflt.l. r d. Fc g a l o. i s i no.e -
pe ndent of t ho v e loc i ty . The engi ne i s n ount c~ on a v ery l i ght 
a nd f l ex i b l e s u ppo r t , co ns titute d , fo r exanple , b y t wo ov e rhun g 
g ir d.e r s . In t he c a se wh en t he en g i n e s u pport i s ri g id , t h e re -
co il tensi on of t h e s p ring b econ e s p r ed oo i nan t and t he n ax inun 
value of <P t el1 rl s t o.ta r d w 2 F . Asi d e fr o~ t hes e c x t r one c ases , 
t h e amp l i tud o <P v a r ies with w . 
Un de r tho i nflue nce of t h i s p e ri od i c fo rc e , t he e nG i ne sup-
po rt h as t he r ef ore a t e ndency t o v i b r a te , wh ic h oakes i t inpor -
t an t t ha t t he p er i 0 d cor r es f 0 n c:' i n g tot h 0 nun '0 0 r 0 f ex p I 0 s i on s 
or r ev olut i ons o f t he en ~ i ne s haul no t c o i nci de wi t h t h e n a t u r-
a l o s cil la ti on p er i od of it s s u p p or t. The v i b r a ti ons of t he s u p -
po rt r e ac t i n t u r n on t he eng i ne ani ar a sus c ep ti b l e of v a r y i ng 
t he c riti c a l spee d of c er t a i n r e v olving part s , fo r eXBcp l e , t he 
cr ank s ha ft . 
Th e c om b i n ed en g i ne an d its s uppo rtin G airp l an e i n r eal i ty 
r ep r e s en t a s ort of d oubl e pendu l u D co ns i s ti ng of t h e en g ine wit h 
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a nass M, connected oore or l ess e l astically with it s fr anc , 
and of t he ai r plane its e l f , which may be likened to a cert a i n 
nass M' r esting on fixed p oints, by oeans of an i nteroediate 
conplex spr i ng . Theso fixed p oints are oater i al i zed ei t he r in 
the contact po i nts of t he wheels with the floor of th e hangar, 
o r i n the pOin t s of application of t he f o r ces of sus te ntation to 
the wings, when t he a irplane is in fli gh t . The cri ti cnl speed 
oay t he r e fore d i ffe r in the two cases. In practico , t he vib ra-
ti ons a re g reater on t he g roun d , than duri ng fli gh t . 
Under t hc i nf lue n ce of the engine vibrat i ons , the air ): lane 
t ends to assume a vibratory 8 otion, whose e quat ion has t he same 
form as the one already i ndicated for an engine suppor t ed only 
by spr i ngs . I f we l e t y r ep r esen t the displaccments of the en -
g in e , we wil l then have , in orde r t o de t ernine i ts value , aftor 
naking tho scne hypo t heses fo r t he san e of sinplificat io n , 
:2 
MI d y+ 2b l dy+ cly = E (sin UJt - a ) 
d t 2 cl t 
t he same equa ti on as above ( 3) i n which the correspondin g letter s 
are accentuated . 
The s aDe conclusions app ly theref ore to t he suppo rtin g air -
Th e coefficients of this oquat i on arc Buch Dare conplex 
to deterD ine , but t he general solution is still a coo p lex pe rio d -
ic function , wi t h the same period as t ha t of the engine , also ro -
solvable i nto elonentary sinusoid~l functions . 
The period of t he oscillations proper of t he support is 
s hortened in p ro por ti on to the ri g i dity of tho Sys to D and t ho 
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sh ortness of the displ a cements allowed by t he co nne ctions . 
The critical speeds corresponding to equation s (3) and ( 3 1 ) 
a re not gene rally the saoe, but there are nevertheless critic a l 
speed s for the whole system of t his so r t of double pendulum co n -
stitut ed by the eng i ne and the airplane . 
The fore g o i ~g general equations oc c ur in t he study of a ll os -
c i llatory and period i c phenomena , especial l y in alt e r na ting elec-
tric currents , which originate i n a circuit c on t a i n in g a se lf -
induct ion co i l and a condenser . 
t he ir si gnificance . 
The cooffici en t s s i np l y cha~ge 
Sinc e t he Da s s of the supporting fraDe i s s naIl , it is i o -
po rt an t to n ake it either as ri g id as poss i b le , s o tha t it will 
have its own vibration perio d s , much sho rt e r than t h ose due to 
t h e explosions and the forces of inertia , or v e ry flexible , so 
that it will have very lon g pe riod s , d iffere n t fron t hose of t he 
disturb i n g f orce s . I n the first case , the eng in e is s upported 
by a v e ry ri g i d frane of woo d or netal , wit h t he int e r pos iti on 
of elastic pads t o act as s h ock ab s or er s , and i s he l d in pos i-
tion by Be lleville wa she r s desi gned to p r eso r ve t he c on t a ct . I n 
t h e s e c on l c as e , tho en ~in e is Duppo rt ed by tw o fl e xibl e woo d en 
beams . In real i ty , the whol e air p lan e forns t he supp ort and is 
subjected to t he vib r a tion of t he eng ine . It i s i npo rt a n t to 
d otern ine t he vibration nodes , in o r do r that t he y may not beco~ o 
dan g erous i n any vicinity by producing di~tortions be y ond the 
el a stic lin it of the subs t ance . We know t ha t t he vib r ation pe riod 
of simple systens (suc h as c ab le s , struts, spa rs and levers of 
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s i op l e ge onetric forn and practic ally unifo r n cros s -s e ction and 
of sn a Il size in conparison with their len g th) de p ends on tho 
cross-s e ctio n and the dis tan ce between their fixed poi n ts . 
Those fixed po int s are g enerally the points of support ~ ot e rn i n ­
ed by the c onstruction of t ho a irplanc itself, and which conse-
quently, c nnnot be shifte d . In or(lcr to c h ange t __ c vi bration pc r-
io d , it is sODetines possible to crente supplen e nta r y nodes by 
t he introduction of int e rnc dia tc stays and struts. 
3 . Vibroneters and acceleroneters.- In or d er to detern ine 
exp erine ntally the a n plitude of t he vibrations, tho conparative 
na tho d i s enployed, either by utilizing e cp iric a lly the inp r es -
s ion receiv ed by ho l d in g the hand on the vibrati ng part or , nore 
scientific a lly , by exa mining the ind ications of a vibronet c r. 
A vibr on cter should g iv e not only the period , but al so t he 
value of t~e maxicun l ocal acceleration a t any in s tan t and the 
naxi n u D aoplitude of the oscillations, i ndispensab le c lcocnts 
for charactorizing numeric a lly the dest r u ctive p ower of any shak -
ing in t h e ai rplan e . Most of the vibroneto r s utilize the in o r -
tia pendulur.1 . -'[0 will only n ention the one of _ uclair and Boyer -
Guillon alQ t he one of Bourlet and A. de Gr amont d e Guiche . 
The e ss ential part of t he i ne rti a penduluD is a Dass pa rti-
ally soli d with the systen an d s uid ed i n such Danne r as to be 
able to nove i n only one g iven d irection . Th i s nass , und e r the 
influence of the effect of i ner tia and oppos i n g forces , tnk es a 
relative Qot ion with ref e r ence to th e systen. The pendulun and its 
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danp i ng device nu s t have an inertia as snaI l and a coefficien t 
of dacp i ng as l arge as possib le. in order to c i nin i ze the "d i s -
p l acemen t s " of the inscript io ns and t he "lancers . II I n general , 
t he opposing force is p roduced by a sprin g or by t he wei gh t. 
We nay adopt , for t he displacemen t s of the pendulun . the l aw a l-
re ady i nd ic ated for t he vibrat ~ons p ro pe r of the s i np l e systec . 
The r e l a ti ve disp lacenent x of the inertia na ss and the abso -
l ute d i splacement y of the pendulun support are both assuDed 
to be not i ons of trans l ation . The force transmi tted to the pon -
dulun by its suppo rt i s ~rop or tional to t~c acc8lera tion of t he 
d 2 y 
support , that i s to wh ich is a funct ion of the ti n e t . 
The d iff e r entia l 0 ,!uation bind i ng x and y is consequently tho 
fol lowi n g , ac corjing to the one a lready given at the beginn i ng 
of th e chapte r for the no tions of an engi ne re s ting on a spri ng : 
d 2 x 2b dx d
2 y c1. 2 y F(t) . a + + cx = = 
c1t 2 dt d t 2 dt 2 
in which a i s the c osffici ent of i ner ti a of t ho penduluf.1 , b 
the coefficient of d elnpin g a n d c the co e fficient of recoil. 
These c oefficients are charac t e ristic of t~ e instrument . 
Wha t we obse rv e are the d is p l a c emen ts x of the penjuluc . 
F r an t he se we deduce by neans of th e above equation . th e function 
F(t) of the d i sp l acenents of th e support . Th e pendulun thus be -
c ones an an plifier for r eveal in g th e scarc vly vir,ib l e noti on s of 
the support . 
The penduluD i s g enerally prov i ied with a reccr i~g nechan -
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isn which autonatically traces a curve repr e senti ng , as a fun c -
tioD of t he ti oe , th e r elative Dat ion of the ine rti a mass . 
curve is a g raph ic re presentation of the solution of the d iff e r-
en tial equation bindinb y to x. 
As a particular solut i o n of this equation , \-re may c ons ider 
the one which satisfies t he initial conditions of the no tion . 
Vie have already seen that t he general i ntegr a l of t he e quation 
in t he second nenber tends t owards 0 at t he Gnd of a c e rt a in 
time , so t ha t , after t he speed has been once estab li shed , the in-
ert i a penduluI!l follo ws th e l a\'1 g iven by t he parti cul a r i nt egral. 
Consequent l y , whenever the initial con diti ons of the relative 
n otion of t he inertia nass are fixed , th e diag r ams obtain ed are 
cooparab l e , when the function F(t) re main s t he saoc . 
Every pe riodic Dot ion of the supp ort , t he frequency of which 
has becooe es t ab lish ed , can be recorded by t he inertia penduluD 
and the saoe analy zed . The cooplex periodic mot io n of t he sup~ 
po rt nay b e co ns ider ed , accor d in g to Fourier 1s theory , as the 
r esultant of the sicple sinus o id a l not i ons , f(t) , f 2 (t ) ...... 
fn(t), wit h per i ods equal to s u b - nul ti p l es of tho pe rio d of the 
r esultant motion T T 
2 
T 
.. -
n 
The searc h for an integr c.. l of th e comp l e t e eQua tion retur ns 
t o tha t of t he s i mple e lenentary equation s . Now, an inte gr al of 
th e differential equation : 
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2 TIn 
a. = 
T 
is a sinple sinusoidal function , displaced with refer ence to it . 
Hen ce , if the no tion of the pendulun support i s a s i mp l e si n u-
soidal notion , t he notion of the i n~ rtia pendulum will also be 
a s i nple s inuso i da l one with th o sane period , but wi t h Q cert a i n 
d iffer ence in phase . Their nnplitudes \'lill bear a definite r a tio , 
provided t he ro is no sync h ronis m. If th e c otion of t he supp ort 
is a c oop l ox pe rio d ic Dotion , th e notion of t _e p en "1 ulun will 
a l so be conp l ex a n d have t he sane pa rio~ . Th us we hav e t he t heo -
retic n l De an s fo r r ecording th e vibrations . The dia~ r ao obtained 
oakes it p6ss ible to deteroine, for e a ch value of t , t hat of 
F(t) , by oensurin g on it t he value of x , dx d
2 x 
of and of ---. 
d t dt 2 
In or de r to be able to obtain p r a ctic a l r osul t s , t he coeffi-
cient of dnnp ing n ust rona in ne~rly co n stant , t he recording de -
vice Dust i nt ro ~uce no disturbance , nor be subjected to shocks 
fron its suppo rt , and th e vibration p eriod of t he penduluD Dust 
not be t he saD e as that of its support . 
The manufacture of th e se i nst ruDe n ts is d ifficult . In fact , 
we Dust keep t he recoil force s tronB en ough so t he lenduluD will 
not be sensitive to sli gh t external perturbat io ns . 
on t he contrary , Dust be so sli gh t as not t o injur e it s sensi -
tiven o ss . In order that its pe rio d Day b e l ar ge , t hat is , that 
t he expre ss ion ac - b
2 
a 
long or heavy penduluD . 
be l a r gd , it is advan tag eou s to havo a 
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The acceleroneter of Auclair and Boyer- Guillon (Fi g . 64 ), 
sone times ca l1 0d a max inun acceleroneter, has a nass supp orted 
by a spr in ~ , whose tension c an be re gulat ed and wh ich re sts on a 
shoulder. The ~ass rena i ns stationary so lon g as t~e force of 
inerti a i s l ess than th e sun of t he tension of t he sprin g and t he 
wei ght o f the Das s . The nox i n uD ordina t e is note d by an Bop li-
fyin g device with Q recor d in g d run . The i n s tr u n ent Day be ~d -
justed so t h at t he oass will l eave the shoul cle r only 2. t t~l0 in -
stant o f this nQ xi r:lUn by utilizing , for exunp l o , en e l e ctric 
conte.ct . At th i s i nstant t he na ss : as t h e sane a ccelerat i on as 
its supp ort and we have the equat i on a
' 
= b'n (t ension o f sprine ) + c'P (wei ght), 
th e c onstan ts of the instruD e nt s . 
" I a. , 
(f orco of inortio) 
b t , and c t b e i n g 
We t h us h ave t ho neans f o r studying the vi b r at i on ph e nonena . 
In a s i np l e sinuso i dal not io n , the nax i num acceleration and the 
amplitud e of t h e motion are cO Db ined by a s i mp l e law r esul ti n g 
from t h e p r op er ti es of the s i nuso i dal functi on s : 
x = 1.\ sin w t , 
dx 
dt = A w cos 
= - AW z 
w t, 
s in ill t • 
The oax i nun aoplitude is A and the naximuD oc~oloration i s 
equal to 
.2 
when LV = n 
60 
n being th e nunbar of re vo lution s or double os cill a tio ns p er Din. 
Whc n t he vibrations are very comp lex, which i s t he c ase with 
en g ine s , it i s ne c essa ry to i n cr ease the numbe r of neasur oDcnts , 
with vary i ng tons i ons o f the sp r ing , whic h c ons t it u tes a diffi -
cult op e r a t i on . 
In t he vibroo e t er of Carlo Bourlet an d A. de Gp ao ont de 
Guic he ( Fi G. 6 5 ), it has be e n sough t t o obtain t he c in i c un i n-
e r tia a n d t he n a x i n um c oeffici en t of d onp i n g , wh i le c ons erv i~g 
a v e r y g r ea t s e n sitiveness . Th e v e ry l i ght r od i s a ttached to 
t h e ve r y t a ut n en b r ane of a Mare y air c ap sul e . The o s ci l l a ti ons 
of th i s ro d , Doun t ed on a v i b rati ng p art of t he eng i ne sup p ort , 
a c qu ir e a n o s cilla tor y no ti on with t he s ane re ri od as the supp ort , 
and wit h an a n p litud e wh ic h i s a fu n cti on of t ha t of t he su pport . 
The osc i ll a t or y n ot i on p r oduc es va r y in g a ir p r essu r es i n t he ca~ ­
sule , wh ich a re tr an s o itt ed by a fle x i b l e t ube to a s e co nd i don -
tic a l c aps ul e , i nsula t ed froe t he v i b r at i ons o f the enB i ne f r anc 
and conne c te d wit h a r eco r di ng s t y l u s . The i ns t runen t i s c oo -
p l e te d by a t un i ng- fo r k whose synch r onous v i b r a ti ons a re r ecord e d 
on t he sane st ri p of pape r, unr o ll ed a t a u n i fo r n speed by a r e -
c o r cl in g d run , and b ive t he neasure n en t o f t he t iBe . 
The diag r acs i n Fi g . 66 show t he i n t er es ti ng r es ult s obta i n -
ed . The y c o r r e s p ond , of c our se , t o t he vib r a t o r y c on~ itio n p ro -
duce d by t he en g ine at t he po i n t of th o supp or t t o whi c h t he c ap-
s ul e i s appli ed . 
The i ns truBen t has t h r ee c aps ul es , p l ac e~ i n t h r ee d iff e r -
en t r e ct an gUl a r p l anes , v h ich c onsequen t l y , g i ve t he t h r ee c ocpo -
ne nt v i b rat i ons . 
I n or d er t o en a b l o a c onpa r a ti v G stuc y o f tho vi b r a ti on s o f 
two engi n os , it i s n ocess a r y t o employ t he sece sup p or t a n d t he 
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san e revolut i on speed . By p l ac in e it on va r i ou s part s o f the 
eng i ne support , or of the airplane it enables th e de terc ina tion 
of th e critic n l speeds, th at. is . the caxinuD vibrations a t any 
It ha s not yet be e n p o ssible to detercine, for e a ch 
speed , tho abso lute values of the ~ibration s . The i nd ic a tion of 
t he ir rel a tive size alreadY co nst itut os , how e ver, a valuab l e i n -
d ication . 
These have been cade on the t he ory of t ho vi brati ons of 
blades and of fr equency cc t e r s , which E ive i nfo rD~tion O ll t he 
nucbar of r evo lutions. but not on the aop litud e and acceleration 
of t ho cot i ons . As a vibr occ ter wi t h out in e rtia and o f g r e a t 
sensitiveness , it wi l l pe r haps b e ~ ossible soc c t i n o to utilizo 
laops with g rill s , which will enab le t he co~suring of t he vi b r a -
tion s of a s Da ll oetal cylind er, so li d with t ho eng in e fr aDe , by 
t he vibrations of t he ele ctric field p r oduce~ i n a n a nnul a r 8010 -
noid, i ndepond e n t of the engine fr aDe . 
Acci cl~ llh~l_c a~s G s_of v~_lrD.t~ons . - Any f a ilur e i n the equ i -
libriuc of t ho rot a ti n G cass es o r any a cci l e n t a l va ri a ti on of the 
coupl e o r tor q u o caus es vi b r a tio ns or trecbl i ngs , acc o rd i nc to 
th e cha ract e r (p e ri od ic or n ot) of t hes e act i ons . 
Amon g th e Do vinG OBsse s , es pe ci al i cpo rtan ce Du s t be attach-
eel t o t h0 l) r o:p e ll c r, not only froEl t he point of vievl o f it s s tat -
ic but a l Go of its dynaoic e quilibr a tio n , to i ts pe rf e ct syooe try 
froc t he a e rodynaoic point of view a nd to it s Do unti ng on t he on -
g ine . The p ro pol l e r axis oust be ~ erpend icul a r to t h a t of t he on -
- 15 -
g in o , so that it will des cri be a disk or a cone . Th e breakin g of 
a p ropeller b l ade , fran a lack of balancing of t ~e centifugal 
forces , nay result in wrenchin g the en~i nG frau its support i ng 
frano . Th e propelle r nust be attached to the engine shaf t in 
such Danner that its not ion will be perfectly r eg lor . Any d.is -
p l ocenen t of tho propeller abou t its hub c auses , by reason of its 
in ortia and variations of the engine couple, dorgerous vibrations 
and friction, capab le of raisin g its t snpera t ure e ven to sett i ng 
the wood on fire . 
VarLations o f the couple, due eit he r to tho fue l supp l y o r 
its c a rbur e tion , or to th o filling of the c y lind e r s (~i s tri bu­
tion, int ake , valv es , ti g h t ness of th e Disto n ri n~ s ) or to the 
ignition , caus e s e rious disturban c es fran the paint of view of 
the vibrations . These variations ~ust be cl ose l y watched and 1'e -
duced t o t he c i ninu_ , before caking any alteration i n the en g i ne 
o r it s s upport, for th ~ sake of r educing t he vibration s . 
Trnnslation by the Nation"' l Ac'.vi s ory Cormittee for Aeronautics . 
I 
Fi 5 . ~ J. - Vibrations of a ~~3S sut~crted 
or: tV/O spr: r.gs. 
Fig. 63. -
~) Damped oscillation3. 
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Recording cin:re 
'~rey' 3 caps'-'.le -i tl: elastic 7.ie:-.:";)rane. 
Fig. 65. - Vibroweter of A. de Or~7.ont de Guic~e 
and Carlo Bourlet. 
1 
Fig. 66. -
2 
Vibrations recorded by a Guiche 
vibrometer on a 140 HP Dion engine 
mo~nted on a testing bench and running 
at 1860 r.p.:-.:. 
1. Lateral vibrations; 2. ertical vibrations; 
3. Vibrations of tuning fork; 4. Lone;itudinal vi·u:..~.:-.. tions. 
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